Abstract. The high collision energies reached at the LHC lead to significant production yields of light (anti-)nuclei and (hyper-)nuclei in proton-proton, proton-lead and, in particular, lead-lead collisions. The excellent particle identification capabilities of the ALICE apparatus, based on the specific energy loss in the Time Projection Chamber and the velocity information in the Time-Of-Flight detector, allow for the detection of these rarely produced particles. Further, the Inner Tracking System gives the possibility to separate primary nuclei from those coming from weak decay of heavier systems.
Introduction
The unique particle identification capabilities of the ALICE detector [1] allow for the measurement of rarely produced exotic states created in Pb-Pb collisions. It also gives the opportunity to search for hypothetical states. In particular we study anti-matter, such as light anti-nuclei and anti-hypernuclei, and search for states like the H-dibaryon, a hexaquark state (uuddss), which was already predicted in 1977 [2] using a bag model calculation. Recent lattice QCD calculations [3, 4] also suggest a bound state, with binding energies in the range 13-50 MeV/c. A chiral extrapolation of these lattice calculations to a physical pion mass resulted in a H-dibaryon which is unbound by either 13 ± 14 MeV/c [5] or it lies close to the Ξp threshold [6] . This renewed the interest in the experimental searches for the H-dibaryon which were ongoing since its prediction.
The energy regime reached at the LHC leads to large production probabilities of such particles, as described for example by thermal models [7] [8] [9] . The chemical freeze-out temperature T , the volume V and the baryo-chemical potential μ B are the only three free parameters in this approach as long as one assumes an equilibrated system. To account for possible non-equilibrium effects the factors γ s and γ q are very often introduced (e.g. [9] ). An open question in the field of heavy-ion collisions is whether the production of nuclei and other multi-baryon states, such as hypernuclei or also hyper-matter, is a e-mail: benjamin.doenigus@cern.ch Figure 1 . TPC dE/dx spectrum for negative particles after a selection of events that contain at least one 3 He or 4 He candidate. The inlet shows the m 2 /z 2 distribution for this pre-selected data. The 10 anti-alphas clearly identified by TPC and TOF are indicated as red dots.
entirely described by a thermal model or if those objects are formed by coalescence of hadrons or even directly from coalescence quarks.
Anti-Alpha
The excellent performance of the Time Projection Chamber (TPC) [10] and the Time-Of-Flight detector (TOF) [1] allows for the clear identification of charged stable particles over a range of 0.15 to 5 GeV/c in rigidity R = p/z, where p is the track momentum and z is the charge number. Combining the specific energy loss (dE/dx) in the TPC and the the velocity measurement in the TOF, anti-alpha nuclei were identified. Figure 1 shows the dE/dx versus rigidity distribution for candidates after the offline selection for negative particles in the region where the bands of 3 He and 4 He are clearly visible. Below a rigidity of p/z ≈ 2 GeV/c three candidates are clearly identified based on the dE/dx information only. At higher p/z the energy-loss information of the candidates is combined with mass determination performed with the TOF detector following the relation m 2 /z 2 = R 2 /(γ 2 − 1). The inlet in Figure 1 shows the m 2 /z 2 distribution for all tracks within a 2 σ-band around the expected dE/dx for 4 He. The 10 identified anti-alphas are highlighted in both the m 2 /z 2 and the dE/dx versus rigidity plot. Since the measurement is limited by statistics careful studies have been done to understand the signal counts and the background components mainly coming from 3 He which is misidentifed as 4 He in the region of the TPC where their Bethe-Bloch bands overlap or where issues with the track matching between TPC and TOF is causing misidentification.
The acceptance × efficiency was estimated using a Monte Carlo simulation where once the transport through the detector material was done with a patched version (to take care of anti-nuclei) of GEANT3 and once with GEANT4 to account for differences in the absorption modeling. The difference was taken into account as a substantial part of the systematics. The corrected dN/dy value is shown together with the other light nuclei in Figure 2 as function of the mass number A.
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Deuteron
The measurement of deuterons is affected by a huge background, as for all nuclei, coming from the interaction of primary particles with detector material. This is not relevant for the measurement of anti-nuclei, like the anti-alpha (see Section 2). Rejection of this background is possible by restricting the Distance-of-Closest-Approach (DCA) of the track to the primary vertex in z-direction DCA Z and then fitting the DCA XY distribution to extract the signal in the p T window between 0.6 and 1.9 GeV/c (this technique is described in more detail in [11] ).
The deuterons are identified using only the dE/dx measurement in the TPC for p T < 1.5 GeV/c and combining the TPC and TOF information for higher p T . A sample of deuteron selected with a 3 σ cut around the expected dE/dx value is initially used to build the m 2 − m 2 d -distribution, where m is the mass measured with TOF and m 2 is calculated as described in section 2. Then, this distribution is fitted with a Gaussian function + exponential tail in p T intervals. The extracted yields are then efficiency and acceptance corrected and the final spectra are shown in Figure 4 for five different collision centralities. The spectra show a characteristic hardening with increasing centrality, qualitatively similar to proton spectra. To extract p T integrated yields the spectra in the different centrality bins are fitted by individual blast-wave distributions.
Hypertriton
The hypertriton 3 Λ H is the lightest known hyper-nucleus and is composed by a proton, a neutron and a Λ. Its mass is 2.991 ± 0.002 GeV/c 2 and it has a lifetime comparable with the one of the free Λ, whereas its branching ratio is not well known. H → 3 He + π − ), applying topological selection criteria and particle identification as discussed before. In the same sample as used for the anti-alpha analysis (see Section 2) a signal for hypertriton (anti-hypertriton) with a significance of 4.6 (2.6) has been obtained. The background was evaluated with two different methods, i.e. like-sign and a combined fit (Gaussian on top of a third order polynomial, where the Gaussian describes the signal and the polynomial the background shape), shown in Figure 5 .
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The raw yield has been extracted from the invariant mass distribution and corrected for acceptance × efficiency, similar to the anti-alpha measurement discussed in Section 2. From this the dN/dy × EPJ Web of Conferences 00013-p.4 branching ratio has been determined, which is shown in Figure 6 , where it is compared to different thermal model expectations. The best description of the data is given by the equilibrium thermal model at a temperature of 156 MeV. At this value the theory curve hits the experimental value at around 25% for the branching ratio. The available statistics allows for the lifetime measurement of the hypertriton (sum of particle and anti-particle) in four ct bins (displayed in the left part of Figure 7) . From a fit of the data a lifetime of the 
Search for the Λn bound state and the H-dibaryon
For the H-dibaryon we investigated the Λpπ decay. Other possible decay channels contain a neutron which is difficult to detect with the ALICE setup. The expected branching ratios depend on the binding energy, as shown in [12] . Since a low binding energy is favoured by the current theoretical considerations -if bound at all -we concentrate on the mass region of 2.2-2.3 GeV/c 2 in the decay channel Λpπ. In this channel a signal for a bound state would result in a peak in the invariant mass or in a broad structure above the ΛΛ threshold in case of a resonant state. In a similar way, we also study here the possible decay of a Λn bound state decaying into d+π − which was observed at GSI by the HypHI collaboration [13] at a mass of 2.054 GeV/c 2 .
The results shown here for the H-dibaryon and the Λn bound state are based on the analysis of about 13.8 million Pb-Pb events in the centrality class of 0-80% taken with the ALICE apparatus in 2010. The reconstructed invariant mass distributions are shown in Figure 8 for the H-dibaryon and in Figure 9 for the Λn. No evidence for a signal, neither for the H-dibaryon nor the Λn bound state was found. The Figures 8 and 9 also show the expected signal, for the H-dibaryon for two assumed masses of 2.21 GeV/c 2 and 2.23 GeV/c 2 (corresponding to binding energies of 21 MeV/c 2 and 1 MeV/c 2 ) and a possible Λn signal. We focus here on the Λn, since the background is much lower compared to Λn. The expected signal was computed estimating the acceptance × efficiency (from a Monte Carlo simulation), the production rates as predicted by the thermal-model [14] and the expected branching ratios [12, 15] . For the Monte Carlo simulation, involving full decay kinematics and transport in the material utilizing GEANT3, the lifetime of the free Λ hyperon was assumed for both exotic states. 
Summary and Conclusion
The measured yield of the anti-alpha, the deuteron and the hypertriton presented here compare well with the current best equilibrium thermal model fit [16] which gives a temperature of about 156 MeV.
One can now contrast the upper limits set for the exotica currently under investigation by ALICE, i.e. H-dibaryon and Λn bound state, with different models. Figure 10 shows a comparison of the upper limits to the equlibrium thermal model [14] (164 MeV, which was the prediction for LHC and 156 MeV, the current best fit), the non-equilibrium thermal model prediction [17] from their current best fit [9] and coalescence predictions (quark and hadron coalescence) from the ExHIC collaboration [18] . All models are at least a factor 10 above the upper limits. Currently an effort continues to further
Resonance Workshop at Catania Figure 10 . Upper limits of production yields for H-dibaryon (ΛΛ) and Λn bound state compared with different models.
constrain these upper limits by utilising more statistics than was previously used. This would allow for a more stringent conclusion concerning the existence of these exotic states.
